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The existence of a glueball has been a tough work for many years study. Utilizing the well
developed QCD theory for B meson decays, we propose a new way to identify whether a scalar
glueball existed or not. In the presence of mixing between glueballs and ordinary scalar mesons, we
explore the possibility to extract the mixing parameters from semileptonic B decays and nonleptonic
B decays. We also point out a clean way to identify a glueball through Bc decays.
PACS numbers: 13.20.He,14.40.Cs
INTRODUCTION
Quark model has achieved a great success to describe
hadronic states, but the QCD also predicts the existence
of mesons without any valence quark, which is called
glueball. The confirmation of a glueball is one of the most
important topics in hadron physics and this subject has
received extensive interests [1]. Lattice QCD, which is al-
most the only method to do calculations from the funda-
mental QCD, predicted that the mass of the lowest-lying
scalar glueball (0++) is around 1.5-1.8 GeV [2]. Several
different candidates have been observed in this mass re-
gion, but there is not any solid evidence on the existence
of a pure glueball. For decades, people have tried to
find a way to verify the existence of a glueball through
its decay property. The glueball is quark flavor singlet,
which should decay to uu¯, dd¯ and ss¯ equally. However,
the claimed “unique” feature of quark flavor singlet, is
not unique, since the quark-antiquark state can also be
flavor SU(3) singlet. Thus, it is not a firm evidence for a
glueball. Furthermore, it is very likely that the glueball
mix with the quark-antiquark scalar state and they to-
gether form several physical mesons. On the theoretical
side, there are large ambiguities on the mixing mecha-
nism [3]. This makes the study even more complicated.
Recently, another important direction to uncover the
mysterious structure of scalar mesons, is discussed,
which investigates the scalar meson production property
through B meson decays. In B meson decays, the O8g
operator has a large Wilson coefficient, which could pro-
duce a number of gluons. These gluons in the final state
may have the tendency to form a glueball state, thus the
glueball production in inclusive B decays has attracted
some theoretical interest [4, 5]. In a recent study [6], we
calculate the transition form factors of B meson decays
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into a scalar glueball in the light-cone formalism. Com-
pared with form factors of B to ordinary scalar mesons,
the B-to-glueball form factors have the same power in
the expansion of 1/mB. Taking into account the leading
twist light-cone distribution amplitude, we find that they
are numerically only a little smaller than those form fac-
tors of B to ordinary scalar mesons. It means that the
production rate of glueball in B decays is quite copious.
The scalar meson can be produced in B decays by two
gluon (glueball) and also an isosinglet qq¯ pair (ordinary
meson). In this paper, we will propose a method for
experiments to measure the nonzero two gluon contribu-
tion, so that to prove the existence of a scalar glueball
cleanly. This will require the detection of scalar meson
production from Bc decays.
THE STUDY OF MIXING BETWEEN
GLUEBALL AND QUARK STATES
Up to the leading Fock state, a glueball is made up of
two constituent gluons. In exclusive B decays, these two
gluons can be emitted from either the heavy b quark or
the light quark. In the expansion of αs, the lowest order
Feynman diagrams for form factors of B decays into a
scalar glueball are depicted in Fig. 1 (a), (b) and (c). In
Fig. 1 (d) and (e), the light antiquark in B meson and the
energetic quark from the electro-weak vertex also form
an isospin or SU(3) singlet scalar meson. Usually, people
believe that the form factor of B decays to an ordinary
scalar meson is larger than that of B decays into a scalar
glueball. Our recent study shows [6] that the form factors
of B decays into a scalar glueball is big enough for the
experiments to observe it. Compared with our previous
studies [7, 8] on the transition form factors of B mesons
decays into ordinary scalar mesons (denoted as f0 with
the mass around 1.5 GeV), the B → G form factors are
at the same order of magnitude. The B-to-glueball form
factors are only a factor of two smaller than the B → pi
form factors. These form factor results are collected in
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FIG. 1: Feynman diagrams of B¯ decays into a scalar glueball
G and an ordinary scalar meson. The ⊗ denotes the possible
Lorentz structure arising from the electroweak interactions.
TABLE I: B to glueball (G), B to ordinary scalar meson (f0)
and B to pseudoscalar meson (pi) transition form factors in
the PQCD approach
F0(0) = F1(0) FT (0)
B → G 0.11+0.02−0.02 0.05
+0.01
−0.01
B → pi 0.22+0.04−0.05 0.27
+0.05
−0.06
B → f0 Scenario I −0.30
+0.08
−0.09 −0.39
+0.10
−0.11
B → f0 Scenario II 0.63
+0.23
−0.14 0.76
+0.37
−0.17
table I for comparison 1. In fact, the main decay channel
of a scalar glueball is pipi or KK¯. Thus a scalar glueball
is much easier to detect than the iso-singlet pseudoscalar
meson such as η. Compared with the recently measured
semileptonic B → η decay [9]
B(B− → ηl−ν¯) = (3.1± 0.6± 0.8)× 10−5, (1)
the branching ratio of B → Glν¯ [6] is comparable with
that of B → ηlν¯ decay and may be observed on the
ongoing B factories. It is very likely for the forthcoming
Super B factory to observe a pure glueball, if it exists.
However, there is not any solid experimental evidence
for a pure glueball state up to now. The reason may be
that the glueball state can mix with the ordinary meson
through the strong interactions. For example, the Lattice
QCD collaboration predicted the mass of a scalar glueball
ground state around 1.5-1.8 GeV. It is very likely that
the glueball state mix with the ordinary quark-antiquark
state and they form several physical mesons. In this mass
region, there are three scalar mesons: f0(1370), f0(1500)
and f0(1710), which might be the potential candidates.
1 If scalar mesons f0 are identified as q¯q excited states, referred
as scenario I, the decay constants of f0 are negative and so are
B → f0 form factors. In scenario II, where scalar mesons f0 are
identified as q¯q ground state, the form factors are positive.
The mixing matrix can be set as
 f0(1710)f0(1500)
f0(1370)

 =

 a1 a2 a3b1 b2 b3
c1 c2 c3



 Gs¯s
n¯n

 . (2)
For each physical scalar meson for example f0(1370),
which is a mixture of glueball and ordinary states, the
coefficients c1, c2 and c3 satisfy the normalization condi-
tion √
|c1|2 + |c2|2 + |c3|2 = 1. (3)
A non-zero c1 would be a clear evidence for the existence
of a glueball. Let us aim this to see if there is a way to
settle it in B decays. The semileptonic B → f0lν¯ decays
receive contributions from the n¯n component but without
s¯s component (at least negligible), while the semileptonic
Bs → f0l+l− channel only receive contributions from the
s¯s but without n¯n component. Both of the decay chan-
nels can receive gluon component contributions. Thus
from eq.(3), we notice that the two independent mixing
parameters can be fitted from the above two experimen-
tal measurements, in principle. For the three kinds of
f0’s, we have altogether 6 experiments, but only three
real parameters in eq.(2) to be fixed. Since the branch-
ing fraction of Bs → f0l+l− is expected to have the order
of 10−8 or even smaller, one needs to accumulate a large
number of B decay events. This could be achieved on
the future experiments such as the Super B factory.
Semileptonic B decays are clean but in B → f0lν¯,
the neutrino is identified as missing energy and the ef-
ficiency is limited; while the Bs → f0l+l− has a small
branching ratio. In these decays, the lepton pair does not
carry any SU(3) flavor and the decay amplitudes receive
less pollution from the strong interactions. The lepton
pair can also be replaced by a charmonium state such
as J/ψ since J/ψ does not carry any light flavor either.
B → J/ψf0 decays may provide another ideal probe to
detect the internal structure of the scalar mesons. In
B → J/ψf0 decay, the s¯s component will not contribute
at the leading order in αs. For example, the B → J/ψφ
decay has been set a very stringent upper limit [10]:
B(B → J/ψφ) < 9.4 × 10−7. Thus B → J/ψf0 decay
can filter out the glueball component and the n¯n com-
ponent of a scalar meson. Meanwhile in Bs → J/ψf0
decay, only the s¯s and the gluon component contributes.
Moreover, the final mesons in these channels are easy to
reconstruct and these channels could have sizable branch-
ing fractions. If we use the factorization method, decay
amplitudes are given as
A(B¯0 → J/ψf0) = GF√
2
VcbV
∗
cdm
2
BfJ/ψa2F
B→f0
1 (m
2
J/ψ).
(4)
The Wilson coefficient a2 can be extracted from the B →
3c¯s
u
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FIG. 2: Feynman diagrams of B → f0D decays.
J/ψK decays [14]
B(B¯0 → J/ψK¯0) = (8.71± 0.32)× 10−4. (5)
The branching ratios are roughly predicted as
B(B¯0 → J/ψf0(n¯n)) ≃
{
(23+12−14)× 10−6 S1
(10+7−5)× 10−5 S2
, (6)
B(B¯0 → J/ψG) ≃ (6.2± 2.2)× 10−6, (7)
where we have assumed the same q2 dependence for all
form factors and FB→K1 (0) = 0.3. The uncertainties are
from the experimental data for B(B → J/ψK) and the
B → S form factors at the q2 = 0 point. For the Bs
decays, the branching ratios are comparable with that of
B → J/ψK:
B(B¯s → J/ψf0(s¯s)) ≃
{
(6.5+4.0−4.5)× 10−4 S1
(3.5+2.3−1.4)× 10−3 S2
,(8)
B(B¯s → J/ψG) ≃ (9.7± 3.9)× 10−5. (9)
Such large branching fractions offer a great opportunity
to probe structures of scalar mesons. With the available
data in the future, the mixing problem between the scalar
mesons will be solvable and the glueball component can
be projected out in principle.
If the power-suppressed annihilation diagrams are ne-
glected, the charmful decays of B meson, B → f0D,
can also be used to constrain the mixing between scalar
mesons. For instance in B− → D−s f0, the n¯n and gluon
component contribute but the s¯s component does not,
while in B¯s → D0f0, the n¯n component will not con-
tribute, as shown in Fig. 2. Thus the mixing coefficients
can also be determined if these two channels are experi-
mentally measured. It is necessary to point out that this
method may suffer from sizable uncertainties of annihi-
lation diagrams [7].
To be more specific, we will discuss two mixing mech-
anisms in detail. Because the decay width of f0(1500) is
not compatible with the ordinary q¯q state, Amsler and
Close claimed that f0(1500) is primarily a scalar glue-
ball [11]. In the subsequent studies, they extracted the
mixing matrix through fitting the data of two-body de-
cays of scalar mesons [12]:
 f0(1710)f0(1500)
f0(1370)

 =

 0.36 0.93 0.09−0.84 0.35 −0.41
0.40 −0.07 −0.91



 Gs¯s
n¯n

 .(10)
Based on the SU(3) assumption for scalar mesons and the
quenched LQCD results, Cheng et al. [13] reanalyze all
existing experimental data and fit the mixing coefficient
as
 f0(1710)f0(1500)
f0(1370)

 =

 0.93 0.17 0.32−0.03 0.84 −0.54
−0.36 0.52 0.78



 Gs¯s
n¯n

 .(11)
It is found that the f0(1710) tends to be a primary glue-
ball. This is very different from the first matrix of mixing
coefficients in (10). The scalar meson production rates in
B meson decays can be used to distinguish these assign-
ments, starting with the B → S form factors collected in
Tab. I. For example in scenario I, if we use the mixing
coefficients in Eq. (10), the production rates of f0(1710)
and f0(1500) in B decays are much smaller than that of
f0(1370) but they have large and comparable production
rates in Bs decays; if we use the mixing coefficients in
Eq. (11), f0(1710) has small production rates in both B
and Bs decays but the other two mesons have large and
comparable production rates in B and Bs decays. Based
on our predictions on form factors [6, 7, 8], these differ-
ences in B and Bs decays are helpful to distinguish the
two mixing matrix.
GLUEBALL PRODUCTION IN Bc DECAYS
The ordinary light scalar meson is isospin singlet
and/or flavor SU(3) singlet, while the glueball is flavor
SU(6) singlet. Therefore it is difficult to distinguish them
by the light u, d and s quark coupling. However, the light
ordinary scalar meson has negligible cc¯ component, while
the glueball have the same coupling to cc¯ as that to the
uu¯, dd¯ or ss¯. A clean way to identify a glueball is then
through the cc¯ coupling to the glueball.
In B decays, the initial heavy meson contains a light
quark, thus contributions of the gluon component always
accompany with the quark content n¯n or s¯s. It is not easy
to isolate the gluon content. The situation in the doubly-
heavy Bc meson is different: it contains a heavy charm
antiquark. The semileptonic Bc → f0lν¯ decays would
happen only through Fig. 1(a)(b) and (c) but not through
Fig. 1(d) and (e). The observation of this decay channel
in the experiments will surely establish the existence of
a scalar glueball. Moreover the CKM matrix element in
this channel is Vcb, thus the Bc → f0lν¯ will have a sizable
branching ratio. This channel will depend on the Bc → G
4transition form factor which requires the less-constrained
Bc meson’s light-cone distribution amplitude. But even
if we assume the form factor of Bc → G is smaller than
the Bc → ηc form factor by one order, branching ratios
of Bc → Glν¯(lν¯) are suppressed by two orders
B(Bc → Glν¯) ∼ 1%× 0.01 = 10−4, (12)
where the branching ratio of Bc → ηclν¯ has been taken
as 1%. This branching ratio is large enough for the ex-
periments. One only needs to reconstruct the f0 scalar
meson in the final state and also the Bc meson mass in the
intermediate state, so that to make sure that the scalar
meson is produced from two gluons. That experiment is
achievable even if the f0 meson is not a pure glueball,
but at least has a large portion of it.
Bc → f0pi− is another potential mode to figure out
the gluon content. But in this mode, the n¯n component
also contributes through the annihilation diagrams. The
b and c¯ quark annihilates and the d and u¯ quark are cre-
ated. The CKM matrix element Vcb and the Wilson coef-
ficient a1 are the same with the emission diagram for the
Bc-to-glueball transition. The offshellnes of the two in-
ternal particles in annihilation diagrams are of the order
m2Bc . The electroweak vertex is the V − A type and the
decay amplitude is proportional to the light quark mass.
Thus the decay amplitudes via annihilation diagram for
the n¯n component are expected to be suppressed. As a
result, the Bc → f0pi− also filters out the gluon compo-
nent of the scalar meson as an approximation.
SUMMARY
Although the B-to-glueball form factors are small, they
can not be neglected and more interestingly these form
factors may have different interferences with those for
the quark content, according to different descriptions of
scalar mesons. If a scalar meson is a mixture of a glueball
and an ordinary meson, we investigate the possibility to
extract the mixing mechanism from semileptonic B de-
cays. Semileptonic B → f0lν¯ and Bs → f0l+l− decays
can be used to determine the internal structures. The
nonleptonic B → J/ψf0 and Bs → J/ψf0 decays are also
analyzed. To avoid the interference between the quark
and the gluon component, we find that the Bc → f0lν¯
and Bc → f0pi− will project out the gluon component of
a scalar meson cleanly. Our results can be generalized to
the other glueballs.
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